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■ : and product for facile microbial expression of ONA 

Mwob.al express.on of an exogenous polypeptide may 
inefficient if the messenger RNA has secondary structure 

* to complementarity of spaced regions of the molecule) 
»ch impedes interaction with a rioosome. The occurrence of 

* structure can be predicted. The degeneracy of the genet- 

;odo gnres freedom to alter the nucleic acid composition of 

cDNA to eliminate harmful secondary structure of the 
*NA, 

For example, bovine growth hormone (BGH) is poorly ex- 
ssed by £ coli transformed with a recombinant piasmtd 
naming the natural BGH gene. The corresponding mRNA 

complementary regions at 46-51 and 73-78. Therefore a 
smid pBGH 33-4 was constructed containing a BGH gene 

TJ?u£?? P ° rtK)n WaS s > n,h88iJed i™**q use of ptas- 
PHGH 207-1 which contains an efficient^ expressible gene 
the closely related human growth hormone) so as not to 
se the troublesome complementarity. £ coti transformed 
ewith produced BGH with a yield of better than 10* copies 


sequences. 


ACTORUM AC 


-i- 


METH0D3 AND PRODUCTS FOR FACILE MICROBIAL 
EXPRESSION OF QUA SEQUENCES 


5 


The present invention provide. method, and mean, for preparing OKA 
sequence, that provide messenger PHA having i B proved translation 
characterises. The result ln , messenger RNA 

-y i»- h.«hly efficient in transition to give substantial amounts 
10 of polypeptide product that is normaUy heterologous to th. host 
-icroorgonis*. The DMA sequences which „. ultimately expressed, 
that is. transcribed into messenger RNA (mRNA) which is i„ turn 
translated into polypeptide product. ,re. in essential part, 
synthetically prepared. i„ accordance with. this invention. 
15 utilizing aear, that favor the substantial reduction or 
elimination of secondary and/or tertiary structure in the 
corresponding transcribed mRNA . A „ 0b3cncc or ttubstanli al 
reduction in such secondary/tertiary structure involving the f 
end of mRNA permits effective recognition and binding of 
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ribosomea(a) to tha .RNA for auba.quont tranolation. Thu.. tho 
efficiency of translation la not hindered or impaired by 
conformational impediment, in tho .tructura of tho transcribed 
»RWA. Mathoda and aaans for measuring .RNA aocondary/tert inry 
5 structure ara al.o da.cribcd a. wall as aaaociatcd means Signed 
to inauro that secondary/tertiary structure ia hopt bcir-* c *r. -,in 
preferred limit.. This Invention ia amplified by the preparation 
of varioua preferred protein producta. 


10 


IS 


20 


30 


With the advent of recombinant DMA technology, the control : 0 J 
microbial production of «n enormous variety of useful 
polypeptide, haa become poaaib la. putting within reach the 
microbially directed manufacture of hormone., enzymes, 
antibodies, and vaccines useful against a wide variety of 
diseases. Many mammalian polypeptides, auch aa human growth 
hormone and leukocyte interferon, have already been pror-urci 
by varioua microorgan i sma . 


One basic element of recombinant ONA technology is th^ 
plasmid. an extrachronosomal loop of double-stranded rr.A fo i:: . : 
25 in bacteria oftentimes in multiple copies per cell. IncluJrj 
in the information encoded in the plasmid DMA is that required 
to reproduce the plasmid in daughter cells (i.e.. a 
"replicon") and ordinarily, one or more selection 
characteristics, auch aa resistance to antibiotics, which 
permit clones of the host cell containing the plasmid of 
interest to be recognized and preferentially grown in 
selective media. The utility of such bacterial p!*snids lies 
in the fact that they can be specifically cleaved by c;mc or 
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another restriction endonuclease or "restriction enzyme", each 
of which recognisoo * different site on the plasaidic DMA. 
Heterologous genes or 9 ene fragments may be inoerted into the 
plasmid by endwise joining et the cleavage sito or at 
reconstructed ends adjacent to the cleavage site. (As used 
heroin* the tern "heterologous** refers to a gene not 
ordinarily found in, or a polypeptide sequence ordinarily not 
produced by, a given aicroorganisa, whereas the term 
"homologous" refers to a gene or polypeptide which is found 
in, or produced by the corresponding wild-type 
■icroorganlsm. ) Thus foraod are so-called replicable 
expression vehicles. 


ONA recombination is performed outside the microorganism, and 
IS the resulting "recombinant-. pJ asmid can be introduced into 

microorganisms by a process known as transformation and large 
quantities of the heterologous geno-containing recombinant 
plasmid are obtained by growing the ti ansf ormant . Moreover, 
where the gene is properly inserted with reference to portions 
20 of the plasmid which govern the transcription and translation 
of the encoding DMA, the resulting plasmid can be used to 
actually produce the polypeptide sequence for which the 
inserted gone codes, a process referred to as expression. 
Plasmids which express a (heterologous) gene are referred to 
25 ae replicable expression vehicles. 


Expression is initiated in a DMA region known as the 
promotor. In some cases, as in the lac and trp systems 
discussed infra, promotor regions are overlapped by "operator" 
30 regions to form a combined proraotor-operator . Operators are 
DNA sequences which are recognized by so-called repressor 
proteins which serve to regulate the frequency of 
transcription initiation from a particular promoter. In the 
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troneription phase of expression, RNA polymerase recognizee 
curtain sequencos in and binds to tho promotor ON A. two 
binding Interaction causes an unwinding ot tho OWA in this 
region, axposing tho DMA as a template for synthesis of 

5 messenger UNA. Tho aoosonger RNA serves as a template for 
ribosoaes which bind to tho noasongor RNA And trannlaV.e the 
■RMA into a polypeptide chain having tho Amino acid r^.inncn 
for which the RNA/ ON A codes, Each o«Mne acid ia C n*n ( j,..| by 
nucleotide triplet or "codon" which coi Actively m.r<c up «.h c 

10 "structural gene", i.e., that part of the DI.'A sequ.?nc» which 
encodes the aalno acid sequence of 'tho expressed po:ype;>t id'_* 
product . 

After binding to the promoter, RNA polymerase initiator, tho 
15 transcription of ONA encoding a ri bosom* binding z\\r 
including a translation initiation or "start" signal 
(ordinarily ATC, which in the resulting messenger RNA r;«con*s 
AUG), followed by DNA sequences encoding the structural g.-nc 
itself. So-called tranalational stop codons are transcribed 
20 at tho end of the structural geno whereafter the polymerase 
nay form an additional sequoncc of messenger RNA which, 
because of the prosence of the translational stop signal, win 
remain untranslated by the ribooomcs. 

Ribosooes bind to the binding site provided on the messenger 
25 RNA, in bacteria ordinarily as the mUNA is being former! . on-! 
direct subsequently the production of the encoded polypept ic!i . 
beginning at tho translation start signal and ending ai :>•.-: 
previously mentioned stop signni(p). The resulting product 
■ay be obtained by lysing the host cell and recovering the 
30 product by appropriate purification from other bacterial 
proteins . 
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IS 


Polypeptide, ..pressed through th. of recombinant DNA 
technology .ay b. entirely h.t.rologou.. function.! proteins, 
a. tn tho case of th. direct expression of hu.on growth 
hormone, or altornati v.ly My comprise a bloactiv. 
heterologous polypeptide portion end. fu..d th.r.to. a portion 
of the amino acid sequence of . h«eolo,ou. polypeptide. a. i„ 
tho case of the production of intermediate, for somatostatin 
-nd th, component., of human insulin. In th. Utter eo..., for 
example, th. fu..d homologous polyp. P tid. comprised . portion 
of the amino aeid sequence for beta galactose., m then, 
case., th. lnt.nd.d bio.ctiv. product i. r.nd.r.d bioinactiv. 
within tho fused, homologous/ heterologous polyp.ptid. until 
it is cleaved i„ an extracellular .nvironm.nt. Fusion 
|»rotoin., like thoa. just mentioned can be designed so a. to 
permit highly .pacific cleavage of th. pr.cu.or prot.in from 
the intends product, a. by th. action of cyanogen bromide on 
•tthiomno. or alternatively by .ntymatlc cleavage. See. eo.. 
C.B. Patent Publication No. 2 007 $76 A. 


20 If recombinant DNA technology is to fully sustain it. promise, 
systems must be devised which optlmi*. expression of gene 
inserts, so that the intended polypeptide products can be mad. 
available In controlled environments and In high yields. 

25 

As examples, the beta lactamase and lactose promoter systems 
have been advantageously used to initiate and sustain 
microbial production of heterologous polypeptides. Details 
30 relating to the make-up and construction of these pronoter 

syutens have been published by Chang et_ aK . Nature 275 . 617 
(1978) and ItaV.ura et al . . Science 190 . 1056 (1977). which are 
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horoby incorporated by reference. More recently, a aystM 
based upon tryptophon. the so-celled trp promoter sy „, B . „ a 
boon developed. Detail, relating to th. »ake-up and 
construction of thl. . ytt0 . h « wo b .„ puoliBhud by 

S « Huelelc Aeids Hoaoarch a. 4057 (190C) and Kleid 

•t 01.. U.S.S.M. 133, J96. £U r . d „„ eh 34 , i 98 0. (or thc 
tquivalent European P.tont Publication 0036776) which arc 
horoby incorporated by reference. Numerous other microbial 
promoters have boon discovered and utilized and details 

10 concerning their nucleotide sequences, enabling a skiiuj 
worker to ligate them functionally within plasmid vectors, 
have been published - see. e.g. Siebonlist et aK. oil 2 q, 
269 (19801. which is incorporated herein by this ref,rcnc-. 


IS 


Historically. recombinant cloning vehicles (extrochror.o,.,.,.,,! 
duplex DMA having, inter alia., a functional origin ot 
replication) have been prepared and used to transfer* 
-icroorgani,». - c f. Ullrich^ ai.. Science 196. l3li 

20 (1977). Later, there were attempts to actually express 

DNA gen, inserts encoding a h*t e ; olonou« polypeptide. u^ura 
•t 21. (Scjjnc. 198. 1056 (1977)) expressed the gen. .n^.n.; 
somatostatin in E. coli. Other like successes follows, the' 
gene insects being constructed by organic synthesis ur.iny 

25 newly r . tln ^ technology. In order, among oiher things, to 
•void possible proteolytic degradation of the polyp,.p tii!o 
product within the microbe, the genes were ligatnd to OJ.A 
sequences coding for a precursor polypeptide. Extracellular 
cleavago yielded the intended protein product. f U dincusacd 

3° above . 
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In the co*. of larger proteins, chumical synthesis of the 
underlying OKA sequence provod unwieldy. Accordingly, resort 
was had to tho preparation of gen* sequences by reverse 
transcription from corresponding eessenger RNA obtained from 

5 requisite tissues and/or culture coll.. t*«.. 00t hods did not 
always prove satisfactory owing to the termination of 
transcription short of tho entire sequencer and/or the desired 
sequence would be accompanied by naturally occurring precursor 
■lc.vl.sr or. signal DMA. Thua, those attempts often h.-.v* 

10 resulted in incomplete protein product and/or protein product 
in non-cleavable conjugate form - cf. Vi 1 la-Komerof f et al . , 
Pror. Natl. Acad. Sci (USA) 75. 3727 (1978) and Seeburg 
21 11" Mature 276 , 795 (1978), 

IS In order to avoid these di f f iculties. Coeddei et al.. Nature 
Ml. 544 (1979), constructed DMA, Inter alia encoding human 
growth hormone, using chemically synthesized DNA in 
conjunction with enzyraat ically synthesized DMA. This 
discovery thus made available the means enabling the microbial 

20 expression of hybrid DNA (combination of chemically 

synthesized DNA with enzyoaticelly synthesized DNA) , notably 
coding for proteins of limited availability which would 
probably otherwise not have been produced economically. The 
hybrid DNA (encoding heterologous polypeptide) is provided in 

25 substantial portion, preferably a majority, via reverse 
transcription of mRNA. while the remainder is provided via 
chemical synthesis. In a preferred embodiment, synthetic DNA 
encoding the first 24 amino acids of human growth hormone 
(HCH) was constructed according to a plan which incorpor^ed 

3« an endonuclease restriction site in the DNA corresponding to 
HCM amino acids 23 and 24. This was done to facilitatu a 
connection with downstream HCH cDNA sequences. The various 12 
oligonucleotide long fragments making up the synthetic part of 
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the OHA were chosen following thon known criteria for gene 
synchosist avoidanco of unduo complemontari ty of the 
fragment., one with anothor. except, of course, those destined 
to occupy opposing sections of tho doublo stranded sequence; 

5 svoidonco of AT rich regions to minimize transcription 

termination: and choice of 'microbially preferred codons." 
Following synthesis, the fragaonts were permitted to effect 
complementary hydrogen bonding and w.?re ligatod according *.o 
■ethode Known per »e. This work i * decribed in i uii....i 

10 Qritish Patent Specification 2055302 A. which corresponds to 
Coeddel et al., U.S. S.N. 55126. filed July 5. K79 which is 
hereby incorporated by this reference. 

While the successful preparation and expression of such hybn-i 

15 DNA provided a useful means for preparing heterologous 
Polypeptides, it did not address the general problem that 
eucaryotic genes are not always recognized by procaryotic 
expression machinery in a way which provides copiou* amounts 
of end product. Evolution has incorporated sophistication 

20 unique to discrete organisms. Bearing in mind that the 
eucaryotic gene insert is heterologous to the procarytic 
organism, tho relative inefficiency in expression often 
observed can be true for any gone insert whether it is 
produced chemically, from cDNA or as a hybrid. Thus, the 

25 criteria used to construct the synthetic part of the gene for 
HCH, defined above, are not the sole factors influencing 
expression levels. For example, concentrating on codon choice 
as the previous workers have done--cf. British Patent 
Specification 2007676 A — h*s not been completely successful 

30 in raising tho efficiency of expression towards maximal 
expression levels . 
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Cuaranta ot al.. SeUjjc. 209. 1«28 (1980, ..perl.entod with 
several hybrid riboso., binding . tt ... do . tonod to ^ ^ 
nunber of ba.. pair, b.t-a.n th. Shin.-0al 9 .rno sequence and 
the ATC of soma known E. coll binding ait... their work 
su,g,,ting that the reaaon(o) for observed relatively low 
efficicncico of euearyotic gone expression by procaryote 
organ! emu la noro subtle. 

That the initiation of afilM tranalation nay bo a 
aulti component procea. 1. illustrated by work reported by 
Iserentant and Flers. Gene 9. 1 , X90 o,. They postulate that 
secondary structure of aRNA is one of the coaponents 
influencing translation efficiency and inpiy that the 
initiation codon and ribo.on. interaction site of secondary 
structured, folded aRNA au.t be .ec.s.ibl..- However, what 
those workers apparently aean by "acceaaibl." is that the 
code, and site referred to be located on the loop, rather than 
the stea. of the secondary structure nodels they have 
h/pothoai zed. 

The present invention is based upon the discovery that the 
presence of secondary/tertiary conformational structure in the 
aRNA interfere, with the initiation and aaintenance of ribo.o-al 
binding during the translation ph».. of heterologous gene 
expression. 


The present inv«ntion. relating to these fimlings. uniquely 
provide, method. anU BCan , for prowicltng „ felelCBt „ prcssion Qf 
heterologous gene inserts by the requisite microbial host. Tne 
present invention i. fur th.r directed to a nethod of aicrobially 
producing heterologous polypeptides, utilizing specifically 
tailored heterologous gene inserts in microbial expression 
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vehiclos. as well a. a.ooclated aoano. It ft. particularly 
directed to tho use of synthetically derived gene insert portion, 
that are prepared so a. to both encode tho dceired polypeptide 
product nnd provide mRNA that h.,s minimal secondary/ tertiary 
structure And henco la occesnibte for efficient r i hor.ocu 
translation. 


10 In preferred embodiments of the present invention. synthetic ONA 
is provided for a substantial portion of the initial coding vx^nre <>t a 
heterologous gene insert, and optionally, upatrean thcrviro* 
through the ATC translationai start codon and ribor^r... Min-!:r.g 
siwe. The critical portion of DHA in chemically syntho-.- : . :r 

15 keeping in mind two factors, 1) the creation of o sequence ,hat 
codes for the initial (N-terminal) amino acid sequence of a poly- 
peptide comprising a functional protein or bioactive portion 
thereof and 2) the assurance that said sequence provide-,, 
transcription, messenger PNA that has a second* ry/te r : i ui v 

20 conformational structure which is insufficient to interfere with 
Its accessibility for efficient ribosomal translation. rtS h ,rc,n 
defined. Such chenical synthesis may use standard org. 
synth**i* using modified mononucleotides as building bu,-* 
as according to the method of Croa et Nucleic Acids research 

25 8. 2331 (1980) and/or the use of site directed mutagenesis of 
DNA fragments such as according to the method of Ra/.in .n., 
Proc. tlntl. Acnd Sci (USA) 75. 4260 (1070) and/or 

synthetic primera on certain appropriately sequenced :;;; A lament: 
followed by specific cleavage of the desired region. 

3D 

The present invention is directed to a process of preparing c?CA 
sequences comprising nucleotides arranged sequentially so as to 
encode the proper amino acid sequence of a given polypeptide 


Ml \ C 
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Thi. aethod may involve obtaining , substantial portion of 

the OXA coding ..qucnco of a given polypeptide vl a Boanl> otnor 
than eho-leal .ynthe.i., moat often by rovor.o tron.cription from 
requl.it. ti.su. and/or culture coll -e..on 9 or RNA. Thia fragment 
5 encode, the C-ter.inM portion of tho polyp.pt.de and i. Uoated . 
in accordant herewith, to o remainder of tho coding sequence, e.g. 
obtained by chemical .yntho.i.. optionally including properly 
positions translational .tart and .top .ignalo and upstream dna 
through tho ribo.ome binding .it. and th. fir.t nuclootido <♦!> of 
10 tho ro.ultant me.o.nger RNA. Tho .ynth.tic fragment ia desioned 
by nuc»e*tide choice dep.nG.nt on conformation of tho correspond! ng 
mcscnger RNA according to tho criteria as herein discussed. 


The th„« prepared DMA sequence, are suited for insertion and use 
15 in n-plicable expression vehicles deaigned to direct tho 

production of the heterologous polypoptide in a tr an. f ormant 
microorganism, m th,,,, vohicl.s. th„ ONA .equonce is operably 
linked to pronotor systems which control its expression. The 
invention i, further directed to tho rcplicablo expression 
20 vehicles and the tr.nsformant micrcorgani .a. so p l0 duced as well 
as lo cultu.e, „ £ th...,o microorganism, in fermentation 
media. This Invention i. further directed to associated method, 
and means and to specific embodiment, for the directed production 
of messenger RNA transcripts that are accessible for efficient 
25 ribosomal translation. 


30 


Specificalty excluded from the prcnunt invention is the hybrid ONA 
encoding human growth hormone (HCH) as disclosed by Cooddel 
et al.. Nature 201. 544 (1979). While thil particul-r hybrid oha 
was .ucce.sfully expressed to produce the intended product, the 
concept of the present invention was not appreciated by these 
worlters (and hence not taught by then) and consequently was not 
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practised in the fortuitous preparation of their expressible 
hybrid DNA for HCM. This hyorid uriA has tho following sconce 
(Table 1): 


Table I 


1 

ATC TTC CCA ACT ATA CCA C*A TCT CC7 CTA TTQ CA? AAC ScT ATG 


lln Jil ii? 51? if" 3Cr lcu P h <= asp ,.„„ wei 


~ i r9 ala hls ar ^ leu h »s gin leu ala one oso thr tv- 
CTT CCT OCT CAT CGT CTT CAT CAC CTC CCC TTT CAC ACC T,<C cAc 

40 

glu phe glu glu ala tyr ile pro lys glu gin l V s tvr -*.r ,u A 
CAG TTT GAA GAA CCC TAT ATC CCA AAC GAA CAC A^G TAT TCA TTC 

leu gin asn pro gin thr ser leu cys phe ner glu ser i lo 
CTC CAG AAC CCC CAG ACC YCC CTC TCT TTC TCA CAC TCT ATT o »; 

60 

thr pro ser asn arg glu glu thr gin gin lys ser am len 
ACA CCC TCC AAC AGG GAG GAA ACA CAA CAG AAA TCC CTA CAC 


80 


leu leu arg ile ser leu leu leu ile gin ser trp leu ni u nro 
CTG CTC CCC ATC TCC CTC CTG CTC ATC CAG TCC TCC CTC GAG CCC 


, , 100 
val gin phe leu arg ser val phe aJa asn ser leu val tvr riv 
CTG CAG TTC CTC AGG ACT CTC TTC GCC AAC ACC CTA GTC TAC GGC 


ll% fSl asp 8er asn v ° l tvr as f lcu leu lys *r»p leu .l>. Ui 

GCC TCT GAC ACC AAC GTC TAT GAC CTC CTA a£g GAC CTA CAC GAA 

120 

gly ile gin thr leu wet gly arg leu qJu asr> a\y -or prr h-j 

GGC ATC CAA ACG CTG ATG GCG ACG CTC GAA. CAT GGC ACC CCC CCG 


140 

thr gly gin ile phe lys gin thr tyr ser lyn phe oni> thr a--n 
ACT GCG CAG ATC TTC AAG CAG ACC TAC ACC A AG TTC GAC ACA AAC 

160 

ser his asn asp asp ala leu leu lys ncn tyr «] y i C u leu 
TCA CAC AAC GAT CAC CCA CTA CTC AAG AAC TAC GCG CTC CTC TAC 

cys phe arg lys asp met asp lys val glu thr phe leu aro 'i e 
TCC TTC AGG AAG GAC ATC CAC AAG CTC GAG ACA TTC CTG CCC ATC 

180 191 

val gin cys arg ser val glu gly ser cys nly phe stop 

CTG CAG TCC CCC TCT GTC GAG GCC AGC TCT CCC TTC TAG 
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Thc chemically synthetic DMA sequences here.' extend preferably 
from che ATC transUtion initiation site, and optionally upstream 
therefrom a given distance, to or beynnrt tno transcripUon 

initiation sice (labelled *1 by convention), and to sequences 

5 rtownatrooB encoding a substantial part of the desired 

P"lyi-pti.le. |,y way of preference. «... synthetic DNA comprises 
upward:; of appro* i matcly 75 or more nucleotide pairs of the 
structural gene representing about the proximal (N-terminal) 25 
amino acids of the intended polypeptide. In particularly 
10 preferred embodiments, the synthetic DNA sequence extends fron 

about the translation initiation site (ATC) to about nucleotide 75 
of tho heterologous gene. In alternative terns, the synthetic D.VA 
sequence comprises nucleotide pairs fron ♦ ! (transcription 
initiation) to about nucleotide 100 of tho transcript. 

15 

Because of the degeneracy of the genetic code, there is 
substantial freedom in codon choice for any given amino acid 
sequence. Given this freedom, the number of different OKA 
nucleotide sequences encoding any given amino acid sequence is 
20 exceedingly large, for example, upwards of 2.6 x 10 5 

possibilities for somatostatin consisting of only 14 amino acids. 
Again, the present invention provides methods and means for 
selecting certain of these DNA sequences, those which will 
efficiently prepare functional product. For a given polypeptide 
25 product hereof, the present invention provides mean:, to select. 
Cro* a KO ng the largo number possible, those DMA sequences that 
provide tr.-.n«crtptu. the con functional ttrudur, of which adnhtu 
of .cccssiblity f or operable and officio.... ribosoual translate,,. 

30 Conformational structure of mRHA transcripts is a consequence of 
hydrogen bonding between complementary nucleotide sequences that 
may be separated one fron another by a sequence of nonconnlcnentary 
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nucleotidcs. Such bonding is comnonly referred lo a, sccor,!,uy 
structure. So-callcil lurti.-iry Mructures »ay add to th«.* 
conformation of the overall aolceuie. flies© strui.-Lure.-i ..r« 
believed to be a result of spatial interactions within one or oore 
portions of the molecule — so-called stacking interactions. In 
any event, the confornat ional structure of o given mm:;* molecule 
can be determined and measured. Furthermore. 

we have now discovered that certain levels of conformation! 

structure of mRNA transcripts interfere with efficient prstein 
synthesis, thus effectively blocking the initiation and/or 
continuation of translation (elongation) into polypeptide 
product. Accordingly, levels at which such conform:, i .>- a I 
structure does not occur, or at least is ni nim.il, c«.n •>•* 
predicted. Nucleotide choice can be prescribed, cr. the h<is;s o: 
the predictable, permissible levels of conformational str-a-turo. 
and preferred gene sequences determined accordingly. 

The measurement of aftilA conformational structure i 5 determined, in 
accordance herewith, by measuring the energy levels associated 
with the conformational structure of the ciR:;a molecule. 

In determining such energy levels, the thermodynnni c. di s.issccx .v. ic-i 
energy connected with one 'or a scries of homologous buse 'p*i r ir.'js 
is calculated, for example according to the rules of Tinoco 
et al., Mature Kew Diol 246. 40(1973). In this calculation. AT 
base pairing is assigned an associated energy level of about -1.2 
Kcal/mole while a CG base pairing is assigned *n associated en u 
level of about -2 Kcal/mole. Adjacent homologous pairings arc 
more than additive, doubtless due to stacking interactions and 
other associative factors. In any event, it has been determined 
that in those instances where regional base pairing interactions 
result in energy levels stronger than about -12 ken l /mole (that is. 
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values expressed arithmetically in „u B hers less than .bout -12 ' 
fcc.il/Mh.) for a given honologous sequence, such infections ar , 
li»:cly sufficioe to hinder or block the translation phase of 
expression, nost probably by interfering with accessibility for 
0 necessary ribeseaa) binding. 

A given 0«A sequence is screened as follows: A first series of 
base pairs, e.g.. approxinatcly the first six base pairs, are 
conpared for honology with the corresponding reverse last base 
10 pairs of the gene. If such honology is found, the associate 
energy levels are calculated according to the above 
considerations. The first series of base pairs is next conpared 
-.th the corresponding last base pairs up to the penultinate base 
?a,r of the gene and the associative energy levels of any homology 
15 calculated. In succession the first series of base pairs is next 
compared with the corresponding nunber of base pairs up to the 
antepenultimate base pair, and so on until the entire gene 
sequence xs conpared. back to front. Hext. the series of base 
pairs beginning one downs treoa fro* the first series, e.g. base 
20 pair:. 2 to 7 C f the prior e X .-„apl e . is coopered with the 

cor.-esoonaing number from the end ; ,„d progressively toward the 
front of the gene, as described above. This procedure is repeated 
until each base pair is compared for honology with all other 
regions of the gene and associated energy levels are determined. 
» Thus, for exanple in Figure 3 there are provided results of such 
scanning and calculating for two genes - those encoding „, tllfnl 
bovine growth hormone (OGII) and synthetic (i.e., hybrid) BOH. it 
can be seen that natural BGH contains two regions of homology 
considered relevant herein (i.e.. energy level greater than about 
30 -12 kcal/nole). to wit. six base pairs fron base pair 33 to 30 
with honologous pairs 96 to 101 and six base pairs fron -1G to 51 
with 73 to 73. The first is not significant for present purpose. 
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HuopUo the energy luvut (.,5..| 0 kcU/«ot«). prueumably bwc«uu« 
the region of honoiogy Hut downotroao o sufficient distance so as 
not to bo influential on translation efficiency. Tho second 
region it significant as evidenced by tho poor yields o£ product 
5 as described herein cf. jnfrn. Tho synthotic OCII gone whore such 
region of ho«ology was eliminated provided good yields of intended . 
protein* 

An embodiment of the present invention will now be described by way 
of example with reference to the accompanying drawings, in 
10 which t 

Figure 1 depicts the amino acid and nucleotide scquoncos of the 
proximal portions of natural OGH. synthetic UGH, and synthetic 
BCH. The amino acids and nucleotides in natural- BCH that ar« 
different from those in synthotic HCH are underlined. T* 0 
15 nucleotides in the proximal portion of the synthetic BCIt gene that - 
differ from those In the natural BCIt gene also are underlined. 
The position of the PVUII restriction site at the end of the 
proximal portion of theao genes is indicated. 

20 In arriving at the synthetic DQI gone encoding tho proper amino 

acid uequence for DCII, the nucleotide sequences of natural bGII and 
synthetic HCH were compared. Nucleotide selections were bade 
based upon the synthetic UGH gene for conotruction of the 
synthetic BCH gene taking into account also the latitude peraittc! 

25 by tho degeneracy of the genetic code, using a minimum of 
nucleotide changes from the synthotic MGIt sequence. 

Figure 2 depicts tho nucleotide sequences of the sense strands of 
both natural and synthetic OGH gones along with the transcribed 
30 portions of the respective preceding trp-pronotor sequences. The 
first nucleotide of each transcript is indicated as " + r and the 
following nucleotides are numberod sequentially. The sequences 
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are lined up to mutch tho tranol.tart coding rogione of both genu., 
beginning at th. .tort corfon *ATO" of 0Mh (ov.rlinod). Tho 
tranacript of th. natural DC. g.n. show, an area of "aocondary 
•tructur.- dua to lntaraettona of nuclootlda. 46 to SI with 
S nucLottdea 73 to 73. r.op.etivaly (.„. P1 , uro 3) . thu , eMtl ^ 
th. ata-loop atructur. d.ptctad. Thlo area i. not pr.acnt in th. 
•yntlu -.ic OCH ,an.. removed by virtu, of nucl.otid. changoa (ao. 
Figure I), which nav.rth.loaa ratoin. th. corract aaino acid 
o.quenca. 

10 

Figure 3 ahowa th. locatlona and atabilitiaa of aacondary 
atructuraa in tha tranacrlpt. of natural and aynthatic BCtl. (see 
Plguro 2) Than, location, and atabilitiaa w.ra determined u.ln, . 
nucleotide by nuclaotida analy.ls. «. da.cribad herein. Each area 
15 of significant aacondary 'structure of aach proxi.el portion of 
gan. 1. listed in tho raap.ctiv. tabl.. Thus, for natural DCH 
varau. aynth.tlc OCH. it la noted that th. .„, r ,y l.vala of 
-secondary structure* at corrosnoiflring portiona jTr.n, 
' translatable tranacrlpt, (n.,ne)y. nucleotidee 46 to 78 conpricing 
20 a G nucleotide long atom in natural licit vorauo nucleotide 52 to 
04 of synthetic OGII) era o.rhedly different (-15.2 Kcal/mole 
veraua greater than -10 kcal/nole). accounting for th. oba.rv.d 
auccsa of expre.aion of tho synthetic DC. <, 0 n. v.r.u. th. natural 
BOH gen., cf. Infra. Tho onorgy levoU indlcftl . thc ilflBl|lMBC- 
2$ of the relative Mounts of tolerable "secondary etructure". i.... 
value. arithmetically greater than about -12kc.l/»ole based upon 
thermodynamic energy con. 1 deration.. The significance of location 
of Secondary structure" can be appreciated by the fact that 
energy level, calculated for positions, 33 to 101 versus 38 to 104 
30 cf natural versus synthetic OCII. respectively, did not 
significantly lnfluonce expression levels. 


0070L 


0075444 


-18- 

Flgure 4 dopieto tho construction of pDCH 33 used as shown in 
Figuro 3. 

Higuro 3 depicts tho construction of ploomido harboring DNA 
sequences for hybrid polypopt Idas , pmiCH 33-1 usod as shown In 
Hguro 7. pOllCll beintj a hybrid of bovine and human growtn hormone 
soquencos. and pHOCH a hybrid of human ond bovlno sequences. 

Figuro 6 depicts tho technique used to assemble the synthetic 
proximal portion of the QGH gone, pOR 322-01. usod in the 
construction ohown in Figure 7. 

Figure 7 depicts the construction of the pi os raid (pDCH 33-3) 
harboring the gene for BGH comprising the synthotic proximal 
portion as shown in Figure 6. 

Figure 8 depicts the construction of expression plasaid pDCH 33-4 
harboring the hybrid DCtl gone. 

Figure 9 is the result of s polyacry lamide gel scgregntion of cell 
protein. Part A shows no BGH production at any cell density using 
the culture containing natural BGH geno. Part D shows tho 
expression of synthetic BCU gene (lanes BGH U and *2) in the sane 
medium as used for Part A. The levels of expression indicated in 
Part B. as opposed to Port A, reflect the production of UGH in 
amounts exceeding about 100 thousand copies per cell. 


In its most preferred embodiment . the invention is illustrated by 
tho microbial production of bovine growth hormone (DCH). ogm is 
endogenous in bovine, e.g., cattle, ond is responsible for prope: 
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P..y.,cnl aotur.nien.ot th u aniaal . u |9 a „ 0 u3cful ^ 
inerea.ln, wai,ht gain, fed conversion efticioncy. loan to (at 
r.Uio. on.. ail* production. U, 9 . qu „ nco of 190 ^ ^ ^ 
■Known, soc Dayhoff. Mlo, of Protein Senuenc, and Structure m,. 

5 Motional Oloncica! Record, r„„nd.n Ion. H., 6 hin 0 ton. o.C. Tl.o 
present invention ..„,, possible the proration of coamerclol 
•I^ntlti,:, of the conpound. enabling now ,t. application „„ a 
large 9Citle ln the anianl hui:bnnJry lnrtu „ tr> ,, An Ult . ai appro ^ 
tow„ d P r...pori„, DC. nicrobiolly took advantage of a .,ource of 

!0 bovine p.tuitary g.nnds. >»>• .--x tract i on and pur i f lent ion. the 

" n "' 3it " '••*••" ' !«» U. corresponding 

CW.-A ,.r,,,.r...l. „„„. tn , a init.i,, Wl)r „ rcsuU(! „ ,„ o ^ 

>:orr, Si -. or ,.in a . for ,11 inters a:id purpos ,. s . to thp Mtupal ^ 
«.«.»..-:■.. of U«:„. A ft , f r . !n „ vnl r>f D: ,, coding (or prcscqu(<ncc 
15 *nc add,,, rt start codon. t„, cCA was ligated to a pla, Bi d V(!Ctor 
u:-..1.,r pr^por control of « pronotor. Wlt plaonid w „„ u3cd tQ 
transform. E. coli hoot which was orown under conaUion3 
The effiriency of ..xpression of ncil product was poor. a 
con S . !q „ P ,^ e . it w.-,,. discovert, "of conditional structure of the 

29 *"* — 1 -»^U- for riboson,! 

t ranM.it ion, »f. Fifjur.? 3. 


For ,.:<a„ r>ls . it w ,„ (ounf , thnt jn ^ ^ ^ ^ 

regions of eonpl„«nt«y honology. One significant ronion centers 
25 around. positions +46 to *51 with a honologous region at position, 
♦73 to *78. Secondary 

structure considerations, in these two defined regions, are 
thought to create a hairpin «r»n,™ ei ,t just dow„str,an, fron the 
translation start cod„„ ATC and tho ribor.onc binding r.ite. This 
30 con f optional arrangement interferes with or prenaturely disrupts 
ribosoaal binding, and henc.;. inhibit: translation. 
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Ifto recognition of thia phenonanon proopt.d inv.stigatlone into 
th. n.tur. of th. otiA .oqu.„co In th... ra,lon. end th, di.cov.ry 
of aothods and loona to obviat. th. probl.a>. i„ accordance 
harowlth. advaneao. wa. takan of a Pvu XX ondonuelo... r.atrlctlon 

S «lta at tha OCH DMA corr.spondlno to aaino odd J«. qua for the 
flrat 24 aalno aeida of QCII wa. cho.ieally .ynthe.t.ed. th* 
•alaetlon of nuci.otidoa taking into .triet aecount propor coding 
aaquanee and raaultant aRMA aecondary/ tartlary atructuro 
conaldaratlona. Employing tha aethod defined above, it uaa found 

10 that certain nucleotide baaa aalaetiona would ba auit.bl., on th. 
baata of pradletad conforaational .tructur. energy levels. \o 
prapara gene sequencea proparly encoding OCH but devoid of 
probleoatie conf oraatlonal atruetura. One of theee «aa ".elected 
and synthesized. Llgatlona at tha Pvu II terainue of the 

IS aynthatlc piaca to tha cDUA downatreaa thorefroa produce! th. 
daalrad hybrid oene. Conatruction of a repllcabie eaprosninn 
vaetor containing aaid heterologous gena aa a- operable insert 
aucceaafully resulted in efficient oxprossion of OCH in 
transformed E. colt host. 
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The co.pi.,. nuelootid. U„d a.duc.d „i„, . c i d ) .,,«.„„ ot tho 
thu. conoeructod hybrid BCII gon. i, follow. • 


1 


a ss? a a a a as a a a a a a a a 
as a sis a a a is a sis six si; a a a a 
us a a lis a a a a & a a 155 a a a 

60 

s a si? a a a a si; a a a a a sis a 

no 

s a «. a a a a a ass a a a sis a a 
?is a a a a a a x a a a a e sk a 
a a a a a sis a a a a a a a a a 
a a a a a sis a a a sis a a a a sis 

140 

ss«&aaaaaisB?aaaaa 
a a a a a a a a a a a a a a a 

a a a a a a a si: a a a a a a a 

180 

190 

2? 2^ 9ly * lu ala cy» ala phe ston 
TCC CGC CGC TTC CCG GAG GCC AGC TGC CCA TTC ?AG 
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Datalled Description 

Svnthoala of Proa i col Portion of qch Can* 

5 Twelve, rronmeian, II l-G (upper atrf.nd) and L 1-6 (lower 
strand), wort oynthoaired. Also synthcsited. In order to 
rapoir tha 3' and of tha gone, ware 2 fragments, UGH Repair (l) 
(uppar strand) and OCfl Repair (2) (lower strand). 

10 Tha 14 fragments waro synthoei sad according to tha nethod of 
Crea et al., Wuclalc Acids Research , 8, 2331 (1900). The 
aynthasaa of tha fragments were accomplished from the 
appropriate solid support (cellulose) by sequential addition of 
tha appropriate fully protected diner - or trimer- blocks. The 
15 cyclaa war. carried out under the same conditions as described 
in the synthesis of oligothymidi lie acid (sea Croa et a±. , 
Suora.j lha final polyner was treated. with base (aq. cone 
MH 3 ) and acid (80% aq. (©AC), the polymer pelleted off and 
the supernatant evaporated to dryness. Tho residue, as 
20 dissolved in 4% aq. NH^, was washed with ether (3x) and used 
for the isolation of the fully deprotected fragment. 
Purification was accomplished by hpi c on Rsil NH 2 
u-particulate column. Gel electrophoretic analysis showed that 
each of the fragments, U.L 1-6 and DCH Repoir (1) and (2), had 
25 the correct size: 
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Fragment 


Soquonco 


Site 



U 1 


5' 

AAT.TCT.ATC.TTC.C 3 ' 


U 2 


5' 

CAG.CTA.TCT.CTC.T 3, 

5 

U 3 


5' 

ATC.TGG.TCT.ATT.C 3 * 


U 4 


5* 

OCT. AAC.CCT.C7T.C 3 ' 


U 5 


5' 

TTC.CTC.CTC.ACC.A 3 ' * 


U 6 


5' 

TCT . TCA . ?C A . OCT . G A 3 ' 


L 1 


5' 

ATA . GCT . CGG . AAC . ATA • G 3 * 

io 

L 2 


S' 

ACC.AGA.TAG* AGA.C 3 ' 


L 3 


5* 

CGT.TAC.CGA. ATA»C 3 * 


L 4 


5' 

CCA . CGA . AGA . ACA . G 3 ' 


L 5 


5* 

ATG . AAG . ATG . C7G .A 3 ' 


L 6 


5' 

ACC.TTC. AGC.TC 3 ' 

is 

BCH Repair 

(1) 

5* 

AA.TTC.ACC.TCC.GCA.TTC.TAG.A 


BCH Repair 

(2) 

S' 

AC »CTT.CTA . GAA . TGC . GCA. GCT. C 


13-eor 
13-ner 
13-nor 
13-raer 

13- oer 

14- raer 
16-oer 
13-mer 
13-mor 
13-aer 
13-raer 
11-ner 
21-ner 
2X-mer 
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Construct ^ of pQGH 33 * f 

Prtsh froxcn bovine pituiterie. were macerated and rna woa 
extracts by the guanidtum thiocyanotc method. (lU.rdimj ot m.. 

3 £i Dlol Oio.. 252 (20), 7391 (1977, Ullrich et Sci-nci/ 

1*6> "13 (1977,,. The total RNA extract wn, then passed over 
an oligo-dT cellulose column to purify poly A eontft i ni r.g 
aeeaenger RNA ( mRNA , • Using reverse transcriptase and oligo-dT 
as a primer, single stranded cDHA wnn a.vlc from the hrha. 

10 Second strand synthesis was achieved by use of the Kiouow 

fragment of DMA polymerase I. Following SI enzyme treatment w \ 
acrylaeid» gel electrophoresis a size cut of the total c;;::a 
(ca. 500-1500 bp) was eluted and cloned into the Ps* t -.it* - f 
the amp K gene of pBR 322 using traditional tailing an* 
15 annealing conditions. 

The pBR 322 plasmids containing cONA were transformed into 
E. coli K-12 strain 294 (ATT*; no. 31446). Colonies containing 
recombinant plasmids were selected by their resistance to 
tetracycline and sensitivity to ampicillin. Approximate ly ?000 
of these clones were screened for BGII by colony hybri Jir.at ion. 

The CDMA clones of HGH contain an internal 550 bp H^oJIl 
fragment. The amino acid sequence of thia region is very 
similar to the BGII amino acid sequence. Thin mch Hoelli 
fragment was radioactively labeled and used as a probe to find 
the corresponding BGH sequence amongst the 2000 clones. 

Eight positive clones were identified. One of these. pDCHU2, 
30 was verified by sequence analysis as BGII. This full-length 
clone is 940 bp long containing the coding region of the 26 
amino acid presequence as well as the 191 amino acid protein 
sequence. 


20 


25 
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t» order to echicv. d, Puet BC1I „ proMlon# , ^ ^ 
•««pr«,..io„ prl^r" w„ 9 BO do having th. .«,,»„.„ 
5-ATCTTCCCACCCATCr. m. nttelootl<fM Jft ^ ^ ^ 
fifteenth position or. id.ntleol to th. eodono of th, „ rS t 4 
5 -In. acid. of tho .aturo OQ, prot ci„. „ determine., by 

••ouonc, data of pOC 112 . on,y th. 5' A70 (..thionino) i, 
oUcn to thi. r.glon of th. protaln. Thi. n „ eo8Mry in 
order to .n.inat. th, pr,..,„,„ c . r . alon of eur ^ ^ ^ 
to provide th. proper initiation codon for protein aynthe.i.. 
10 » a ..ria. of emyatlc reaction, thi. .ynthetic prl.cr w „ 
•longed on th. 0C» U2 cDHA i„ iott . ^ 9 prin.d product we. 
claav.d with P.t t to give a DMA fr.g-.nt of 2 70 hp containing 
coding inflation up to amino acid 90. (Figur. 4, This 
-.xpre 8 .»on- BC» cONA fragaent wa. ligat.d into a p 0R 322 
15 vector which contained th. trp pronotor. TM. vector wa. 
derived fro. pUIF A trp2S (Coeval « el.. Mature 287, All 
(1980)). The interferon cDHA wa. r.aoved and th. trp2S-322 
vector purified by gel eloctrophore.1.. The reco.binant 
pl..-id..( P 0CH710, now^med th. coding infonsation for 
» a-ino acid. 1-90 of the aatur. «C» protein. nnked diroctly tQ 

the trp pronotor. This linlta , erified by DMA scquonco 

nnalyai9 ' Th(> «' ckM ufj rcoion ., )<d lho 3. 

,,l " rM "" ,lwl rr "«'" f,,.» |«JICIU 12 U y 

restriction digest and acryla.ide gel electrophoresis. This 
» -bacK-.„d" fr ,g Bent et S40 bp „„ then U9ated iftte ^ o ^ 

the site of a-ino acid 90. Rocoabinant pl.s.ia, were checked 
by restriction analysis and OtIA sequencing. T«. r.conbinant 
Plas-id. P 0CH 33 . ha. the trp proctor directly linU-U via ATO 
with th. co-pl.t. DMA coding sequence for »atur. 0CH. 
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Construction nf client 307*1 

Hesaid pCHl carries the £. eoli tryptophan operon containing 
the) deletion U1413 (O.K. Mosturt* M,, (1970) 

* Bacteriology 1437*1400)) end hence exproosoo n fusion protein 
comprising tho first • oaino Adds of tho trp ieedor and 
•pproxisctoly tho last third ot tho trp B polypeptide 
(hereinafter referred to in conjunction uo LK* )» 09 wall 03 tn* 
trp 0 polypeptide in its entirety. All under tho control of tn» 

10 trp proooter-operator systosw Tho plasaid, 20 ug, w*?i digested 
with tho restriction encyao PvulX which cloovos tho plasmid At 
five sites* Tho gone fragments wore noxt coabinod with HcoRl 
linkers (consisting ot s oelf coapleaontary oligonucleotide or 
the sequoncet pCATCAATTCATO ) providing an EcoRI cleavage sit" 

1* Cor s later cloning into a plaoald containing an EcoRI r. itr. 
The 20 V9 of DHA fragaonts obteined troo pGM wore tr*atfv! with 
10 units T 4 DMA ligase In tho prosonco oC 200 pico aoles o£ 
the 5'-phosphorylatod synthotic oligonucleotide pCATGAATTCATC 
and l^JOul T 4 DMA ligaso but for (20bh trie, pil 7.6. 0.5 1.:: 

20 ATP. 10 oM MgClj. 5 mH di th iothrei tol ) at 4 # C ovornight. Tho 
solution was then hooted 10 minuteu at 70*C to inactivntu 
ligsso. The linkers wero cleaved by EcoRI digestion and the 
frageonti , now with EcoRI ends* were separatod using poly- 
ocryloaldo gol electrophoresis (hereinafter *PACt") ami the 

25 three largest fragments isolated from tho gel by first staining 
with othldium broelde, locating the fragments with ultraviolet 
light, and cutting from tho gol tho portions of interest. Kach 
gel fragment, with 300 aicroliters O.lxTOE, wao placed in a 
dialysis bag and subjectod to electrophoresis at 100 V for one 

30 hour in O.lxTBE buffer iTQK buffer containnt 10.0 rjra tris 
base. 5.5 ga boric acid, 0.09 gm No 2 HOT A in 1 liter HjO). 
The aqueous solution was collected fron the dialysis bag. 
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phonol extracted, .morofor* extracted ami .adit 0.2 H «ori| Ua 
chloride, and tha OUA roeovorod in water eftar ethanol 
precipitation, (Ml DMA fragment Isolation* hereinafter 
described are performed using FAQS follow* by tho 
electroolution method just discussed.) Ths trp promoter* 
operator-containing gone with tcoRX sticky enda was idantifiad 
In the proeadura next described, which antaila the ineertion of 
fragmonte into a tatracyclino sensitive plaseid which, upon 
promoter -operator inaartion, becomes tatracyclina reeiatant. 


10 


Plaeald pnuill. (n.X. Rodriguos, tt 6l, f Nucleic Acide fteaoareh 
6. 32670207 [1979]) „ prt „„ .«pi cailn ro . iat « nc# , nd 
contain, tha gene tor tatracyclina roaiatanca but. thoro being 
no associated proooter, doaa not expreaa that roaiatanca. Tha 
IS plasoid la accordingly tatracyclina oenaitive. Dy introducing 
a proootar-operator eyetem in tho-EcoM alte, tha plaaoid can 
bo mode tatracyclina roalatant. 

liOWIl vac diguoted with KcoRl am) tha onsymo removod by 
20 phonol/ciKUj extraction followed Uy chloroform extraction »nd 
recovered in water of tor othanol precipitation. The resulting 
DMA molecule wee. in separate reaction mixturee, combined with 
each of tho throo DMA fraguonta obtained aa doc ri bod above and 
ligated with T 4 OKA ligaaa aa provioualy described. The DMA 
25 present in tho reaction mixture was used to tranaform conpotcnt 
E. coli K-12 strain 294 (K. Backman «t si., Proc Naf 1 Acad Sci 
USA 73. 4174-4190 (197$) (ATCC no. 31446) by standard 
techniques (V. Hershfiold et M.. Proc Not'l Acad Sci USA 71. 
3455-3459 (1974) and tho bacteria plated on L0 plates 
30 containing 20 ug/ml ampicillin and 5 ug/»i tetracycline. 

Several tetracycline-rosi stnnt colonies were selected, pUsmid 
D:;a isolated and the presence of tho desired fraguent confirmed 
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by restriction enzyse analysis. The resulting plosnio. 
designated pORHtrp, expresses O-lactnaase, inparting onpiciiiin 
rooittanco, and it contains a QUA frego>ont including the trp 
proaotor-operator and encoding a first protoin comprising .» 

5 fusion of tho first six aaino acids of the trp loader and 
approxlnotoly tho last third of the trp E polypeptide (this 
polypeptide is designated LE' ) . and a second protein 
corresponding to approximately the first half of the trp s 
polypeptide (this polypeptide is designated D* ) # ftn d a thiro 

*0 protein coded for by the tetracycline resistance gene. 

pBRH trp was digested with EcolU restriction en 2 y:-.e and the 
resulting fragment 1 isolated by PACE and electrocution. 
Ecom-digested plaooid pSoa U (k. Itakura et al. Seisw !03, 

15 1056 (1977); CD. patent publication no. 2 007 676 ,\ ) w.is 

combined with this frogoent I. The nixturo w fl3 Hgatt-d with 
T 4 UiA liyauc aa prcviouuly i»c:;et i U;.J vim] ihf* rir:;u 1 1 i M i| I);:;, 
transformed into E. coli K-12 strain 294 previously 
described. Transformant bacteria were selected on 

20 anpicillin-containing plates. Resulting onpicillin-recistant 
colonies wore screened by colony hybridisation [M. Cruenstein 
•t ol. , Proc Nat'l Acad Sci USA 72, 3951-3965 [1975]) usinn as 
a probe tho trp promoter- operator-containing fragment I 
isolated froa pQRHtrp, which had beftn radioact i veiy lane lie! 

25 with P 32 . Several colonien shown positive by colony 

hybridisation were selected, plasoid DJJA wo 3 isolated and the 
orientation of the inserted fragments determined by restriction 
analysis employing restriction ensynes BglU oncl Uomlll in 
double digestion. E. coli 294 containing the placmid 

30 designated P SOM7 A 2, which has the trp pronoter-oporator 

fragment in the desired orientation was grown in Ln meciua 
containing 10 ,jg/al aopicillin. ' The cells were grown to 
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10 


optical dena.ty 1 Ut „ 0 MU eoU#e ^ by c , ntrt(u9ation 
re.uopondod in MO modi, in tenfold dilution. CU, w. ro , ro-n 
for 2-3 houro. .,aln to optical don.lty I. than ly.od and total 
cellular prot„ln an.lyc.d by SDS (.odlu. dodeyl oulfato) aro. 
(13 percent) polyacrylaoido gel .loctrophorool. (J.v. M.i„l 
Jr. otnl., Moth Virol 5. 180-240 (1971)). 

Tho pla.mid P So B 7 A 2. lO M o. waa cloev.d with EcoRI and tho qua 
fragment 1 containing tho tryptophan genetic aleoenta waa 
isolated by PACE and electrocution. TM. fragment. 2ug, waa 
digested with the restriction ondonucloeso Taq I. 2 unita. Ifi 
ninute. at 37-C auch that, on the avara 9 o. only ono of tho 
approximately fivo Taq I aitoa in oach molecule la ci.avod. 
Thia partially digested mlxtura of fra, B .„t. waa aaparatad by 
15 PACE and an approxioet.ly 300 beao pair fragment 2 that 
contained on. EcoRI «nd and ono Taq l ,„ d waa isolated by 
eluctroolutlon. The corroa,«ndino Taq X Blt o in !««*»*<, 
»....tw u ,„ th0 tranacription „t.,rt an.l translation start -Ite. and 
ia 5 nucleotide, upstream from tho ATO codon of th. trp leadar 
20 peptide. Tho DMA aoquence about this ai te i. ahown in Figure 
Oy proceeding aa descrtb-d. a fragment could b. iaolatcd 
containing all control elements of tho trp oporon. I..., 
promoter-operator system, tranacription initiation aignal, and 
part of the trp leader rlbosome binding alto. 

2S 

The Taq I residue at the 3' end of th. reaulting fragaont 
adjacent tho translation start signal for the trp leader 
sequence w a3 „ ext converted Into an Xbal site. This was done 
by ligating the Fragment 2 obtained above to a plasmid 
30 containing a unique (i.e.. only one) EcoRI site and a unique 
Xbal site. For this purpose, ono may employ essentially any 
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piasotd containing. In ordor, a ropiteon, o ■oleotahto norknr 
ouch oa antibiotic rosiatonco, and CcoRt. Xbal and tunttt 
■ I tot. Thus, for mipUi an Xbal alto ean bo introduced 
botwoon tho Ceo ft X and OaftlU a I tea of pOA322 (f. Ooilvor nt ou, 

S Cono J, 94-119 [1977]) by* e.g., cioavlng at tho plaanld'o 
unique tllnd III sit* with Hind XXI followed by single 
otrand-apecific nucleoso dlgoatlon oC tho resulting sticky 
onds, and blunt ond ligation of a self annoaling 
doubla-strandod tynthotic nucleotide containing tho rtccgniM n 

10 slto such at CCTCTAOAOO* Mtornot ivoly. naturally derived l:.a 
fregoonts aoy bo employed, as woa dona in tho proaont cose, 
that contain a tinglo XbaX aito botwoon EcoRI and Donttl 
cleavage residues. Thus, an Ecoftl md namllX digestion product 
of tho viral go none of hopatltie 0 woo obtainoO by convontion.il 

IS ooona and clonnd into tho ReoftX anrf Oaallt si too of pi con id pOJtG 
- (D.V. Cocddol ot al.. Neturo 2tU, S44 [1970])) to forn the 
ploaoid pHS32. Plosoid pHS32 woo cleaved with Xbal. phenol 
extracted, chlorofora oxtroctod and ethanol proclpi tatod. It 
woa than trootod with 1 ul B* coll polyaoraao I. Klonow 

20 fragment (Coohringor-Mannhoi o) in 30 yxi polymerase buffer (5C 
mrt potass iun phoaphato pH 7.4, 7.-nM MgCl 2 . 1 oH 
a-mereaptoothenol) containing O.lnM dTTP ond 0.1 mM dCTP for 30 
minutes at 0 # C then 2 nr. ot 37*c. This troatmont causes 2 of 
tho 4 nucleotides complementary to tho 5* protruding end of the 

25 Xbal cleavage site to bo filled ini 

5* CTACA 5' CTACA 



3' T 3* TCT 

30 Two nucleotides* dC and dT # were incorporated giving on cm! 
with two 5* protruding nucleotides. This linear residue of 
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plaiald pilflia (oftor phono I ami chloroform otraation and 
recovery in water after ethonot prucipt tation) was cloavod with 
KcoRX* tho largo pltoald fragrant was separated fros tho 
tsallor KcoltX»XbaX fragsont by PACK and Isolated after 

5 oloctroslution* Thi» otiA fragnont fros pJl&ja (0.2 ug), wao 
ltgated, under conditions stall ur to thosti d»ncrlbed abov, to 
the CcoRX-Taq 1 frngnnnt of th» tryptophan o|n?r«n ( 0.01 pi ) . 
In this procoss tho Tnq X protruding end In llg.itod to the 
rooalnlng protruding end even though it la not '?onp)<rtcl/ 

10 Watoon-Crtcfc baoo-pni/etl t 

T ^ C7AGA ?C7AG.\ 

ACC TCT ' ACTCT 


10 


20 


A portion of thia U'j.Uion ro.-ction mixture ••or, trnnsf orr.-d 
into K. coll 294 cuUa as in port 1. above, hu*t trusted ,.ml 
plated on LO platos containing nnpicillln. Twenty- four 
colonloo wore selectod, grown in 3 al LB media, and plasnid 
isolated.^ Six of these were found to have tho xhal site 
regenerated via E. coli catalyzed D:.*A repoi* roplicat * - :i : 

— TCTACA — — TCTAC.A 

^ 

ACCTCT A CATC 7 


2 * Thcoo plasmids were also found to .-lunvc both with EcoP.I and 
Hpal and to give tho expected restriction trngn**nts. One 
plasmid XA f designated pTrp 14, wna uccd for expression of 
heterologous polypeptides, as next discussv<i. 


30 


The plasnid pHGH 107 (D.V. Goeddel et al. Nature. 281. 54-t, 
1979) contains a gene for hunnn growth horoonc made up of 23 
amino acid codons produced from synthetic DMA frognents anil 16 3 
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wMno acid codono oUtairwU trim coapleftontery OKA produced via 
reverse transcription of human growth horoono eessonger UNA* 
Thtt go no, 3, though It leefcs tho codons oC tho "pro" aequenco 
of huoan growth ho r ©one, doe* contain An ATQ translation 

S Initiation codon. Tho go no won (tainted (roa 10 u^j piicil 10? 
after troatoant with IteoRl followod by C. coll polyooreao X 
Klenow fragaont and dTTP and dATP oa dcacrlbod abovo. 
Following phenol and chloroforn extraction and othonol 
proclpitation tho plasold waa troatod with Oaeftll. 

10 Tho huoan growth horaone ("liar) gone-containing tragnent 3 waa 
iaolatad by PAGE followod by olectroolution. Tho rooultlng U.*A 
frogoont alto containa tho first 330 nucleotidoa of tho 
totracyclina resistance structural gone* but lacha tho 
tatracyltne pro«oter-opi?r ntor nynton ao that, when aunrsnqumt ly 

15 clonod into nn expression pt.inniil, pl*ia»i<la crmtMitimj tin* 
inatrt can bo located by tha restoration of tetracycline 
resistance. Because tho BcoKI end of tho fragment 3 has been 
filled in by the Klenow polyooraao X procedure, the frogaont 
has one blunt and one sticky ond, onauring proper orientation 

20 when later Inserted into an expression plssnid. 


Tho oxprossion plasmid pTrpl4 was next propared to receive the 
HCH gone-containing frogmont props rud abovo* Thus, pTrpl4 was 
>CbaI digested and tho resulting sticky ends filled in with the 
25 Klenow polymerase I procoduro employing dATP. dTTP # dCTl> And 
dCTP. After phenol and chloroforn extraction and ethanol 
precipitation tho resulting d;:A was troatod with Don! II and tho 
resulting large plasnid fragnont isolated by PACE and 
olectroolution. The pTrpK.-dori ved fragaont had ono blunt and 
one sticky end, pcraittir.g recombinat ion in proper orientation 
with the HC1I gene containing fragment 3 previously described. 


30 
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The HUH genu fragment 3 and the p7rpl4 Xba-QaoHI fragment w«re 
combined and ligatcd together under conditions similar to thosa 
described abovo. Tho filled in XboX and EcoIU ends llgatod 
together by blunt ond ligation to recreate both the Xbal and 
the EcoRI si tot 

:<bal filled in EcoRI fill**l in HGH g<m*j initiation 

TCTAC ♦ AATTCTATC i jcT/vG^ATT CTATG 

ACATC TPAAr„\TAC__J ^ACATc]tTAa|:.ATAC 

Xbal tcoRl 

This construction also recreates the tetracycline resistance 
gone. Since the plasnid pHGH 107 expresses tetracycline 
resistance fro* a promoter lying upstream from the HGH gene (the 
lac promoter), this construction, designated plIGH 207, permits 
expression of the gene for tetracycline resistance undor the 
control of the tryptophan promoter-operator. Thus the ligation 
mixture was transformed into E. coli 294 and colonies selected on 
LB plates containing 5 ug/mi tetracycline. 

Construction of pnGH33-l (Figure? S) 

The structure of P HGH207-l which has the entire human growth 
hormone gene sequence is shown. The front part of this gene is 
synthetic as is described by Goeddul* e_t al., Mature 201, 544 
(1979). In the following a plasaid was constructed containing the 
BCH gene in the same orientation ond in the same position with 
respect to the trp-pronotor as is the HGH gene in pHGH 207-1. 

Twenty ul (i.e. lOug) of the plasaid DMA was digested wth Bam HI 
ami Null ;iu follows: To the twenty *U of l)NA we added 5 >ii 10X 
restriction encyme hufCer (SOUiaM UaCl. 100 m:> Tris IIC1 pH 7.4, 100 
oM HgS0 4 and 10 ra.'J OTT) , 20 ul HjO and 10 units BamHl 
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*«ttrlction ansymu and 2 ul PvuII restriction onsyno. 
Subsequently, this reaction oixturo was Incuhatod at 37'C tor 90 
ninutes. Tho .i xtura WM loadod 0 „ . porc-nt acryXa „ ido g<a ^ 
elect rophore.io was carried out for a hours at SO bA. The 01IA in 
the gel wos stained with Ethidiua, bronido and visualised with 
W-llght. The band corresponding to the 36S bp. (with reference to 
a llaoltz digest of P nR322> fr«.jncnt wa 3 oxcioed and inner to* in a 
dialysis bug and -the K.7. was el.ctro.lutcd uoing a current ol 100 
nA. The liquid was recoved froo the bag and its salt 
concentration adjusted to 0.3M NilC l, .-wo voluacs of othar.ol were 
added and the DMA pr.:ci P i tit mi ;,t -70'C. The DMA was spun down in 

Kppuiidnrf crntr.f.,^. war.hed with 70 percent »th*„ol .,ml dried 
and resuspended in 1C H l TAB (10 nil Tris IIC1 pH7.4, o.l «h .ccta) . 
Sinilarly. the large Xhel Man HI fragnont pf pilCH 207-1 and the 
Xbal. partial PvuJl 070 bp fragnent of p0GH33 were isolated. 

Two ul of each of the thus isolated DMA fragoonts were oixed. 1 
ul lOoM ATP and 1 pi lOx ligase buffer (200 »M Tris HC1 pH7.S. 
100HH MgClj. 20 DM DTT) and 1 ul T 4 DMA ligase and 2 pi HjO 
were added. Ligation u*s done over night at 4'\ This oixture 
was used to transform competent E. coli K-12 294 cells as 
follows: 10 nl L-broth was inoculated with E. coli K-12 294 and 
incubated at 37'C in a shal:er bath at 37'C. At 00 550 of 0.0 the 
cells were harvested by spinning in a Sorvall centrifucje for 5 
■in. at 6000 rpn. Tn« cell pellet was washed/rcsuspended in 0.1S 
M NaCl. and again spun. The cells were renuspended in 75 nrt 
CaCl 2 . 5 mH Mgcij and 10 aM Tr ls HC1 pH7.8 and incubated on 
ice for at least 20 nin. The cells were spun down for 5 air. . 1t 
2SO0 rpn and resuspended in the sane buffer. To 250 ul of this 
cell suspension each of the ligation mixtures was added and 
incubated for 60 nin on ice. The cells were heat shocked for 90 
seconds av. 42'C. chilled and 2 nl l.-brotli was added. Tn* cell.-. 
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w*ro allowed to recover by incubation At 37*c (or 1 hour, 100 ul 
of this coll suspension was plated on appropriate plates which 
were fiubnequontly incubated over night at 37 # C. The plasaid 
structure in several of the colonies thus obtained is shown in 
Figure 5 (piiGH 33-1) . 

All further constructions wore done using the sane procedures, us 
described above, nutntia nutnnrtir t . 

Construction of the hybrid groi/th hornone genes imcn and QtlGll 
(Figure S) 

The two PvuII sites in the UGH and RGH genen are at identical 
positions. Lx change of Pvu II f regents is possible without 
changing the reading frame of the nessenger RNA of these genes. 
The large difference in expression of both genes is due to 
differences in initiation of protein synthesis at the beginning of 
the messages. Therefore, the front part ot both genes wore 
exchanged thus constructing hybrid genes th,»t upon transcription 
would give hybrid acr.:;cnqi*r KNAr. . T!n* two plasaidn, pBHGU and 
pH&GH, wcr« constructed' as follows: 

Fron pliCH207-l there were isolated the large naniil-Xbal fracnent 
and the 057 bp nar.Ml (pftrtiol) rvvTI fracsirnt containing the HG'i 
gene without its front part. Fron pp.ci!33-l there was isolated the 
75 bp Xbal-Pvui I fragment that contains the front part of th.» aCH 
gene. After ligation and transforation pCHCH was obtained. 
pUDGH was constructed in a similar way to pni!CH; in this case the 
back part was derived froa pBGH33-l whereas the front part, the 75 
bp Xba l- Pvu ll fragment, was derived froa pllCH207-l. 
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Pcsicn nnd cloning of tho synthetic front part of tho HGH 5*:nc 
(Figure 0) 

Tho DMA sequence up to the Pvu ll site of the CC1I and II CH genes 
5 codes for 22 aaino acids. Since the front, part of tho Itcil. gene 
had excellent protein synthesis initiation properties, the 
sequence of tho front part of FlCir una designed such that the 
iiu=bcr of nucleotide etunyes in the UGH gene would he mihiaal with 
respect to the HC: gene Only 14 base pair changes from tho 
10 natural BGII sequence were made in order to code for the proper ECU 
amino acid sequence and reduce conformational structure in the 
prospective aRMA. The D2JA sequence is shown in Figuro G. The 
sequence ends wi th £22 p! and illilll 111 sticky ends to raake cloning 
in a vector easy. Cici.o to the Hind lll site is a Pvull site for 
15 the proper junctic- with the remaining part of the DCH-gene. 

Tne fragments Ul to US and LI to L6 were synthesized chemically 
according to the procedures described above. All the fragments 
except Ul and U> **>.-?_• nixed anr! kinaced. After addition of Ul and 
20 L6 the mixed fragr^nts were ligatod, purified cn a G percent 
polyacrylanide gel nr.d the 7 5' bp band extracted and isolated 
according to standard procedures. This fragment was inserted into 
P&R322 that had been cut with EcoRI and Hind i II. Thus plasnid 
pBR322-01 was obtained. 

25 

Replacement of th«» natural front nort of the QGH none by tho 
synthetic front part. { Figure 7; 

from pQR322-0I the cloned uynt)u.*tic liont of the UCII yene was 
*0 excised with Eco RI and Pvu ll, and the resulting 70 bp fragment was 
isolated. From pQG!(33-l the large Eco RI - Paci ni fragment and the 
875 bp Dan HI (partial) Pvu ll frngment was isolated. The three 
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tragnsnts -ot. Isolated end Ugeud and used to transfer. 
B. coll. R-ia 304 as described tMfers. Thus, pnwill-2 was 
obtained, this plai.ld contains the entire DOII gene but doss 
net havo a preaoter. Therefore. P 001 13 3-1 * M eut « Un 
and tho trg-proaotor containing 310 bp EcoM fragaent darlv«d 
fro. pliaiao?-! »«. lnnerre.1 hy ll.,.,tlnn. After transit.*, ion 
fir.ey, 1 „.. resistant eolOnioe -r. waly«.,i. iw«fi.r„. 
those colonic, had tha Inserted trfi-proaotor orlentod toward, 
tho UGH- and tot-geno as shown In tho flgur.,. 

Renalr of tho 3'— nd of tha ROM Bene, (riours 0) 

Tho sequences bayond tha aoeond PvuII alt* of the DCII gone ar» 
derived from the HCH ,.„.. one of tho eainn acids at the end 

5 is different froa that In tho natural BGH gone. Thla 3'-end 
was repaired as folio*.. A synthetic DMA fragaent •• shown was 
synthasisod. It Is flanked by an CcpM and a Hlndlll end to 
facilitate cloning and contains a PvuII ,i te aBd 3 aaino acid 
codons and a stop codon in the reading frame ot the BGH nem, 

> itself. This fragnont was inserted into CcoRi-Hlndlii opened 
PBR322. Thus P BR322-02 was obtained. Subsequently this 
plasmid was cut with PvuII and Banlll and th» 360 bp fragaent 
was isolated. Froo pBGH33-3. which has the entire BGH gone 
with the synthetic front part, the large Damlll and Xha l 
fragnent and the S70 bp Xbal (partial) Pvui i fragaent was 
isolated. These throe fragaent* were ligateU ami used to 
tranaforsi cells. Thus. pUCII33-4 was obtained. In this plasajj 
a unique Hlndlll site is present between the stop codon of tha 
BGH gene and the start codon of the tet-mRMA. Both genes are 
transcribed under direction of the trj> pronotor. 


0070L 


0075444 

•31- 

A typtcAl growth awdlu» uowd to doropress and produce high 
lovoia of oqi pgr lltur (Flguro 9) contains i 5.0 g 
(Wl 4 )j30 4 , 6.0 g KjHPO^, 3*0 g MaH 3 P0 4 *2* a O, 
1*0 g todlua citrate, 3.5 g glucooo. 5 »g tetracycline, 70 ng 
5 thlaalno KCl, Ami 00 g Hasu^HjO. 

While tho present invention has boon rioter I bed, in its 
preferred eabodlftontc, with rvforvneo to tho uoo ot K. coll 
tr^nsforaants* it will ho opprocl Atori that nthor mi croorq.v.l nns 

10 can be oaployad n*iiLiiil p»t AfldiB t Exaaplon of such are other 
E. coll organlsns, e.g. E. col i 0., E. coli W31 10 ATCC Ho. 
31622 (r" t \-. gal", prototroph), E. coli x 1776. ATCC No. 
31537, E. coll E. coll KV308, ATCC Mo. 3160B, etc., 

ttflgl llu^ autatlli* -traini;. Pioudononaa strains, «tc. And 

15 varlOUB yaattS, fiJ>--t»hjir«wiy..» ff rgrevlaiao many of whl.'h 

aro deposited ouu \ftcnti ?illy ) available fron recognised 
depository inotl tut ions a.g.» ATCC. Following the practice of 
this invention And tho final expression of intended polypeptide 
product, extraction And purification techniques r.ay be thouc 
20 cuatooorlly enpio; o in thi*; art. Known pur so* 
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A " tj{ cwiitttrticiina a l>«*'A •.*.i|iit!iico tor * 

ae-.mmncr PNA oncotM rvj a pnlyprpt cnnpr 1 ni nq .1 

5 rumrtion.il pratcln or a btoactlve portion thoroof. -.aid 

DNA nr<,uoMco homo •losigivl f.,r inn»ition toqnthor *.-trh 
Appropriately positional tr.msWiilcn.il mart and nto,, 
uinnals into a microbial *?x|. ronton v»*ct r under t!io 
control of a aicrobiolly operable pror.otnr. the method 

10 connnmnc: 

a) providing a Srog^.cr.v of said DNA sequent** 
•.•ncndintj j C-termnol pnrti *n of s..id . 1 ypcpt 1 dv . S(1u | 
fr.iQrcnt enccdinc .1 ;>c !>•«*:; ; 1 .In cunfcr ;:■.« in scqu>>;<.ca re 
l * the natural sequence of th;5 pr> 1 ypopt 1 .!•• , 


b) providinq .1 fmnirvnt of said UNA sequence 
encoding the :.'-terninal portion o£ snt.l po I ypept idr . an.l 

c) li gating the ! r -.gnnn:s *?f ct-;:: .,) ,ir.t! n) ir. 
proper roodina fran»; relation to one another, 

r...id fr.iqnt.fit. nf,r.t«*p r.) Ivinq rh .ir :k: t c. r i y.nrl in that 
the nuc loot i fie o thereof are sequentially arranged r.o as to 
provide, on transcription, corresponding messenger RKA 
that 

1) properly encodes the respective portion of the 
amino acid sequence of said polypeptide and 

2) demonstrates levels of conformational structure 
insufficient to interfere* with it:; accessibility for 
efticicnt ri bosonal translation. 


20 


25 


30 
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•aid U'iA hc*|uviww bgiitg ntvluulvii tjf Uiu hylirlU UlA 
aoquoneo ol huia.in growth horoono not forth In Tablu 1 of 
iho specification horeof. 

2. Tho method according to Clnla 1 whoreln tho firoe 
nuclootldo of said fragaoni of step b) eorrooponda to 
nuclootldo ♦! ot tho corronponding ooosongar WiA. 

3. Tho not hod according to Clnim 1 whoroin tho firot 
nuelootldo or t.iu fragment of stop b) corresponds to a 
nuelootldo of tiio tronst at tonal start signal. 

4. The nothod ac -* r-..ng tr. Claim 1 whoroln said fragment ot 
atop b) extcn !r : rtiA Mio nucleotide corresponding to a 
nuelootldo o: r . trar.slot ional start signal through a t 
loaot tho nu':» — uao representing the last of about the 
proxiaol 23 o.-.tno ac ids of sold polypeptide. 

5. Tho nothod ar-ir-lir.g to Claim 1 whoroin oaid fragment ol 
otup b) oxtot . f ro-A nu:?2i.*ot i a\: M to about nucleotide 

♦ 100 of tho f.*(M i MMixtrvl i rv**'. i.omjur UNA. 

C. Tho atthod according to Claim 1 wherein the UNA sequence 
of said fragment ot step b) is na depicted in Figure 1 nn 
ncn synthetic. 

7. Th« nothod .iccorrj-.ng to any preceding claim wherein saul D!!A 
sequence Is lr.-,rrted together with appropriately positioned 
tmnslational start and stop signals into a microbial 
oxprossion vector and in therein brought under the control 
of a microbially operable pronotor, to provide the 
corresponding microbial oxprossion vehicle. 
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0. Tho method According to Claim 7 wherein e oicroorgani sa is 
transformed with said ■icroblal expression vohiclo to 
provide tho corresponding transformed microorganism. 

9. Tho method according to Claim 8 wherein the resulting 
transformed microorganism is grown under suitable 
fomentation conditions and causod to produce said 
polypeptide, said polypeptide being subsequently recovered 
froo the fomentation medium. 

10. The method of Claims 3 or 9 wherein said microorganism is 
an E. col 1 strain and said expression vector is an E. col i 
plasmid. 

11. A plasmid selected from pBR 322-01, pBGH 33-3 and pBGH 33-4. 


12. A tronsforoant microorganism harboring one of the plasmids 
according 'to Claim 11. 

13. A culture of a microorganism according to Claim 12. 

A composition of matter comprising bovine growth hormone 
essentially?: free of other proteins of bovine origin. 

14. A microorganism capable of 'producing bovine growth hormone 
in amounts exceeding about 100 thousand copies per cell. 
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Natural 86 H 


5^ 

3' 

length 

kcal/aol. 

14 

45 

8' 

-11.80 

15 

31 

6 

4.00'- 

33 

101 

6 

-15.40 

46 

78 

6 

-15.20 


Synthetic BGH 


5^ 

3' 

length 

kcal/mol 

14 

79 

7 

-5.50 

16 

37 

6 

-4.00 

38 

104 

6 

-15.40" 

52 

84 


>-10 
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si 


Bovine Pituitary 
mRNA 


♦#CT» 


PBR322 


001 



Jscr^t*'***^ ^ ^ ^ 



MTfTTCCCMCCATt 


Www Pol I 


CwRI 


— * 1 



♦4«rrr« 


pBGHII2 


taolott 


MObp tnqmm* J T4 ONA 119m 

I Trwttform r.ce// 294 



Mel* 270 bp frogman 

T4 DMA (too** 
Tromform Ccoti 294 
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XtoX, partial PvwIX 
tetett 570 bp froom«tt 



tiotatt lorpt 


Asm MX, per 



itotot* 060 bp f f oqm ni 


T4 ONA Mqom 


PHGH207-I 
itoiat* 75 bp fregmMi 


T4 ONA itgaft* 
TreMform £\«* 294 



fcoRX 


Jttol f co RI 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

d BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

Ui COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


